ABSTRACT Aphelinus albipodus Hayat & Fatima, A. asychis Walker (Hymenoptera: Aphelinidae), Diaeretiella rapae (MÕIntosh), Aphidius matricariae Haliday, Aphidius colemani (Viereck), Aphidius picipes (Nees), Aphidius rhopalosiphi DeStefani-Perez, Ephedrus plagiator (Ness), and Praon gallicum Stary (Hymenoptera: Braconidae) were released in southeastern Wyoming for biological control of Diuraphis noxia (Mordvilko), Russian wheat aphid (Homoptera: Aphididae). A total of 407,028 parasitoids in the form of mummiÞed aphids was released from 1989 to 1996. Three species, A. albipodus, A. asychis, and D. rapae, were Þrst detected in winter wheat Þelds 3 yr after Þrst release and spread throughout the wheat production region within 5 yr of release. Other primary aphid parasitoids were recovered sporadically and in very small quantities, and hyperparasitoids consisted of up to 20% of the specimens recovered. There were signiÞcant differences in abundance of A. albipodus, A. asychis, and D. rapae. In 1992, D. rapae was more abundant than the two aphelinids. By 1995, A. albipodus was becoming more prevalent than D. rapae, and A. albipodus was the most abundant species in 1997 and 1998. During these 2 yr, A. albipodus and D. rapae were detected in small grain Þelds and adjacent grasslands in similar abundance in both habitats. Of the parasitoids released in the D. noxia biological control program, A. albipodus and D. rapae commonly occurred in wheat and barley of southeastern Wyoming, with occurrence of the exotic A. albipodus directly attributable to the release effort. A. albipodus is likely becoming the predominant species in small grain production in the region. And A. albipodus and D. rapae range expansion and occurrence in grassland sites adjacent to wheat and barley may aid in their ability to control D. noxia.
A BIOLOGICAL CONTROL component of a national program to develop and implement strategies to manage Diuraphis noxia (Mordvilko), Russian wheat aphid, was initiated (Prokrym et al. 1998) , in response to the introduction and spread of D. noxia in North America. The classical biological control effort was collaborative involving international, federal, and state cooperators in foreign exploration, quarantine, mass production, release, and recovery efforts (Prokrym et al. 1998 , Hopper et al. 1998 ). Subsequent to importation and quarantine screening of parasitoids and predators of D. noxia, USDA Animal and Plant Health Inspection Service (APHIS) coordinated a regional mass rearing and release effort, augmenting individual state efforts. Release sites were located in 16 states including southeastern Wyoming (Prokrym et al. 1998) . Rapid expansion of the project was desirable, because of the APHIS commitment to a regional release effort (Prokrym et al. 1998 ) and the widespread loss to the small grain industry within a few years of introduction of D. noxia Stoetzel 1998, Morrison and Peairs 1998) .
Release and recovery efforts of APHIS personnel were primarily aimed at establishing both parasitoids and predators of D. noxia in multiple locations using open Þeld releases. Companion efforts of personnel of the University of Wyoming were aimed at increasing the likelihood of establishment by using caged releases at selected sites and quantifying seasonal abundance of established parasitoids. This joint effort resulted in multi-year documentation of recovery and relative abundance of parasitoids. Efforts to establish predators apparently were unsuccessful (Prokrym et al. 1998 ). Here we summarize recoveries, evidence of and difÞculties in documenting establishment, and relative abundance of parasitoids from release sites in wheat and barley. We also provide evidence of spread of parasitoids from the release sites and into grasslands adjacent to small grain Þelds.
strains (Prokrym et al. 1998 ) and quantities (Table 1) of Aphelinus albipodus Hayat & Fatima, A. asychis Walker (Hymenoptera: Aphelinidae), Diaeretiella rapae (MÕIntosh), Aphidius matricariae Haliday, Aphidius colemani (Viereck), Aphidius picipes (Nees), Aphidius rhopalosiphi DeStefani-Perez, Ephedrus plagiator (Ness), and Praon gallicum Stary (Hymenoptera: Braconidae). They were shipped as mummiÞed aphids and obtained from laboratory cultures reared on D. noxia or the greenbug, Schizaphis graminum (Rondani) (Homoptera: Aphididae), for release from 1989 through 1996. There were some uncertainties in the taxonomic classiÞcation of some species of Aphelinus and Aphidius (Prokrym et al. 1998) ; therefore voucher specimens of released organisms were retained by APHIS (APHIS National Biological Control Laboratory, Niles, MI).
Releases occurred in wheat and barley in Laramie, Goshen, Platte, and Albany counties of southeastern Wyoming (Table 1 ; Fig. 1 ). Barley and wheat Þelds were selected as release sites, because they were the principal cultivated hosts of D. noxia in the region (Elliott et al. 1998) . The Wyoming releases were generally representative of efforts in adjacent wheat production areas of the western United States (Prokrym et al. 1998) . A contiguous area of small grains production occurs in southeastern Wyoming, eastern Colorado, and western Nebraska. In this region, D. noxia populations in the early 1990s were detected at densities over 30 aphids per tiller on winter wheat, barley, and oat in the spring and early summer and at lower densities on noncultivated grasses and on winter wheat in the fall (Armstrong et al. 1991 , Legg and Brewer 1995 , Brewer et al. 1999 .
MummiÞed aphids arrived in pressed-paper (0.47 liter) containers with screen covers, shipped in foam containers with cool packs. Releases occurred in late afternoon within 48 h of shipment. The pressed-paper containers, with covers ajar, were placed between small grain rows. Releases typically occurred from April to June corresponding with seedling growth (spring barley), tillering, stem elongation, and seed head development (spring barley and winter wheat). Releases also were made occasionally in the fall on recently emerged winter wheat (Table 1) . APHIS Activities. Releases by APHIS personnel were primarily aimed at establishing the parasitoids in multiple locations (Fig. 1) . Open Þeld releases, beginning in 1989 in Laramie County, occurred when spring regrowth of winter wheat began and when tiller inspection at a site indicated a D. noxia infestation of 4% infested tillers or greater. All APHIS releases were in winter wheat. Aphid infestations were not manipulated, and grower cooperators agreed to not use insecticide on the wheat strip identiÞed as a release site (in much of the western Great Plains region wheat is grown in alternating 30 Ð 40 m wide strips of wheat and fallow [Peterson et al. 1996] ). Releases by APHIS continued through 1993. For releases made in 1992 and 1993, new Þelds were selected at least 10 km from any previous release site (Fig. 1) .
Prerelease surveys were limited to those done 12 h before a release to detect presence of D. noxia natural enemies at new 1993 release sites. More extensive surveys for aphid parasitoids occurred in small grains of the region before 1989 and as part of other efforts to establish D. noxia parasitoids (see Results and Discussion) . Postrelease surveys were conducted at the release sites and at three or more other small grain Þelds within 5 km of each release site. The sites were surveyed weekly from April until desiccation of the small grains and occasionally after emergence of winter wheat in the fall. For D. noxia and parasitoid (in the form of mummiÞed aphids) detection, 50 tillers from each of three areas of a Þeld were randomly selected and examined. Additionally, a 30-min visual search for D. noxia-damaged tillers in each of the three Þeld areas was conducted to Þnd additional mummiÞed aphids. Leaf pieces with mummies were individually placed in gelatin capsules and shipped to the APHIS National Biological Control Laboratory for identiÞcation of emerged parasitoids. Keys from several sources (Stary 1976 , Powell 1982 , Pike et al. 1997 were used. Selected identiÞcations of species of Aphelinus, Diaeretiella, and Aphidius were veriÞed by USDA-ARS Systematic Entomology Laboratory (Beltsville, MD) scientists and K. S. Pike (Washington State University). Voucher specimens were placed at the APHIS National Biological Control Laboratory and the University of Wyoming Insect Museum (Laramie, WY). A few Aphelinus specimens not identiÞed to species were not included in the data summary and analysis. Other parasitoids recovered were identiÞed to genera and in a few cases family only, because of poor spec- Various strains were released per species, strain information is provided in Prokrym et al. (1998). A., Aphelinus; D., Diaeretiella, Aphi., Aphidius, E., Ephedrus, P., Praon. Release sites are shown in Fig. 1 and the type of release (plant type and use of cages) is described in text.
a Releases of each species occurred in the years indicated once per each of the following month : 1989, October, November; 1990, AprilÐ June, October, November; 1991, May, June; 1992, AprilÐJune; 1993, June, July; 1994, MayÐJuly, September; 1995, MayÐAug.; 1996, May. Exceptions when no release occurred were A. asychis and Aphidius colemani in Nov, 1990; A. albipodus and E. plagiator in July, 1993 . Releases of Aphidius rhopalosiphi did not occur as indicated but occurred in May and June of 1989.
b Release amounts varied among species as shown and also varied each year. For the three most frequently released species, the numbers released per year were 1,500, 1,700, and 1, 600 in 1989; 18,550, 6,150, and 23,750 in 1990; 3,200, 3,550, and 15,775 in 1991; 49,450, 55,743, and 26,050 in 1992; 28,800, 13,300, and 5,850 in 1993; 47,750, 14,050, and 16,900 in 1994; 6,100, 6,400, and 5,600 in 1995; and 2,000, 0, and 0 in 1996 for A. albipodus, A. asychis, and D. rapae, respectively. imen condition, unavailability of females, or uncertainty of taxonomy. D. noxia Þeld infestations were calculated as percent infested tillers from the sample of 150 randomly selected tillers in each Þeld. This is a biased, likely high, estimate for the region because the sample sites were at or near Þelds that had an infestation rate of 4% infested tillers or greater at the time of parasitoid release.
Beginning in 1994, emergence canisters (15-liter capacity) were used to detect parasitoids emerging from mummiÞed aphids (Prokrym et al. 1998 ) in place of timed Þeld searches for mummiÞed aphids. This method increased detection of parasitoids, because larger quantities of D. noxia-damaged tillers were processed without visually inspecting for mummiÞed aphids. D. noxia-damaged tillers were collected until Þve canisters were Þlled with 200 tillers per canister, or 4 h passed. The large majority of parasitoids were assumed to have emerged from D. noxia, based on the selection of D. noxia-damaged tillers for processing and the high frequency of occurrence of D. noxia on winter wheat in the region compared with other cereal aphid species (i.e., in a cereal aphid survey conducted in 1998 and 1999 in which tillers were randomly picked from four winter wheat Þelds, 90.5% of 318 aphids collected were D. noxia). Parasitoids were recovered from collection vials of the emergence canisters no sooner than after a 14-d incubation.
University of Wyoming Activities. Releases made by University of Wyoming personnel were aimed primarily at increasing the likelihood of establishment by using caged releases and supplementing Þeld populations of D. noxia with artiÞcial infestations. One site was targeted as a nursery for redistribution efforts (subsequently not needed), and to quantify seasonal abundance of established parasitoids. , mummiÞed aphids were released at two new release sites in Platte County ( Fig. 1 ) into cages covering Ϸ3 m 2 of barley and winter wheat at the tillering or pretillering growth stage. Some open Þeld releases supplemented this effort. In 1994 and 1995 at the northwesterly site, three parasitoid species, A. albipodus, A. asychis, and D. rapae, were each released into separate Þeld cages (100 mummiÞed aphids per cage) beginning in May once a month for 4 mo. These releases occurred in three separate plantings of barley and one of winter wheat, with 12 cages for each species placed in one or two of the plantings for each release date. The plantings were divided into four adjacent 5-ha Þelds sequentially planted to barley (seeded in February, March, and May) and winter wheat (seeded in August). Natural D. noxia infestations inside and surrounding the cages were supplemented with D. noxia-infested barley obtained from a laboratory colony (Brewer et al. 1999) . One month before the Þrst release, Ϸ145,000 primarily apterous D. noxia were released at the site, and 1 wk before the Þrst release Ϸ3,000 aphids were released into each cage. In late August of 1994, an additional release of Ϸ70,000 aphids occurred on the winter wheat planting. This effort resulted in an infestation rate of Ͼ15% infested tillers outside the cages and 50 Ð 80% infested tillers inside cages at the time of release of mummiÞed aphids. These manipulations resulted in high densities of aphids for at least 7 mo/yr. No insecticides were used at this managed site. In 1996 at the southeasterly site in Platte County ( Fig. 1) , six cages were placed in spring regrowth of winter wheat and 100 mummiÞed aphids parasitized by A. albipodus were placed in each cage previously supplemented with D. noxia as described above (but no supplement of aphids occurred around the cages). At both sites, cages were removed 14 d after release of mummiÞed aphids. Because of the change in release methodology and to avoid interference with earlier release and recovery efforts, the 1994 Ð1996 releases occurred in Þelds Ͼ20 km from earlier release sites.
Beginning 1 wk after removal of the cages and continuing every second or third week through August and once in October in 1994, 120 damaged tillers were collected around each cage location in each planting. For each collection, tillers were collected from one or two of the sequential plantings and placed in emergence canisters (2.5-liter capacity). The samples were processed as described above, except collected tillers were transported in coolers to a cool room (Ϸ20ЊC) before placement of Ϸ20 tillers in each canister, and damp paper towels were placed in canisters to retain moisture. Visual inspection for mummiÞed aphids also occurred at the northwest Platte County release site in 1994 and an Albany County release site in 1993, using methods described in Brewer et al. (1999) .
In 1997 and 1998, surveys were done to compare abundance of parasitoids recovered from small grains (wheat and barley) and adjacent grasslands. Sites were chosen in Laramie, Goshen, and Platte counties and one site in neighboring Weld County, CO, where grasslands were adjacent to wheat and barley, and parasitoids had been previously recovered in small grain Þelds in the area (Brewer et al. 1999) . But there was no attempt to select sites based on presence of D. noxia. Because of variation in D. noxia abundance on cultivated hosts and uncultivated grasses (Armstrong et al. 1991 , Donahue et al. 2000 and the relatively low abundance of D. noxia during these years, relative abundance of parasitoids was measured by use of aphid trap plants in which D. noxia-infested winter wheat was used to measure parasitoid abundance (Gilstrap et al. 1992 , Tanigoshi et al. 1995 .
Aphid trap plants consisted of tillering Þeld-grown winter wheat transplanted into 18.9-liter capacity pots. Before infesting the plants with D. noxia from a parasitoid-free colony, the plants were sprayed with resmethrin, a very short residual insecticide, to eliminate any aphids on the plants. Three days after spraying, the plants were uniformly infested with D. noxia from a stock colony (Brewer et al. 1999 ) using weighed portions of heavily infested plant material (5.5Ð 6.3 g per pot) to ensure consistent levels of infestation. After a few days, the aphid trap plants were then placed in winter wheat strips (four sites), in barley (one site), and in grasslands adjacent to each small grain Þeld. In 1997, one aphid trap plant was placed in a small grain Þeld and adjacent grassland at each site for two sampling dates. In 1998, the barley site was eliminated and two to eight aphid trap plants were placed in wheat and adjacent grassland for Þve sampling dates. Sites were separated by at least 10 km. Aphid trap plants were sunk Ϸ0.25 m into the ground to retain moisture. The plants were retrieved after 1 wk of exposure to parasitoids, transported back to a greenhouse, and left in the greenhouse for 1 wk to optimize the formation of mummiÞed aphids. Finemesh polyester fabric covers were placed over the trap plants to deter greenhouse parasitoid contamination. Control plants infested with D. noxia remained in the greenhouse during Þeld exposure and subsequent greenhouse incubation to verify that parasitoids detected were not due to greenhouse contamination. After incubation in the greenhouse, aphid trap and control plants were cut at their base and placed in emergence canisters. In addition to inspection of vial contents, inner surfaces of the canister were inspected under 10ϫ to 30ϫ magniÞcation. Recovered parasitoids were identiÞed to species, with the classiÞcation caveats noted above.
A measure of D. noxia density in trap plants, which can affect parasitism rates (Bernal et al. 1994) , was obtained by use of an extra aphid trap plant placed at each site on all sampling dates. This plant material was placed in Berlese funnels using the methods described in Armstrong et al. (1991) , modiÞed by using 40 W incandescent bulbs. Plant material was left in the funnels for 8 Ð12 h. Aphids were recovered in 70% alcohol and counted.
Data Analysis. We compared the relative recovery rate and abundance of three principal parasitoids recovered (A. albipodus, A. asychis, and D. rapae) . For 1995, the number of sites where these species were recovered was sufÞcient to perform a chi-square goodness-of-Þt test (Snedecor and Cochran 1980) , testing the hypothesis that rate of recovery was the same for the three species. The test was not done for other years because the expected cell frequency was Ͻ5 (Snedecor and Cochran 1980).
Parasitoid abundance data were sufÞcient from 1992 to 1998 to compare species abundance across the years of recovery, although comparison was complicated by the change from visual inspection of tillers for mummies (visual method) to use of emergence canisters (canister method). Abundance data were available from a Platte County release site in 1994 based on both methods. A 3 (parasitoid species) ϫ 2 (recovery method) contingency table analysis was used (Snedecor and Cochran 1980) to test whether the methods differed in sensitivity in recovering parasitoids. If justiÞed, the 1994 data for the two methods were summed and the 1992Ð1998 data reanalyzed using a 3 (parasitoid species) ϫ 6 (year) contingency table analysis (Snedecor and Cochran 1980) to test whether there was a change in the relative abundance of these species across years of recovery.
The 1997 and 1998 data also were used to compare the abundance of A. albipodus and D. rapae in cultivated hosts (wheat and barley) and adjacent grasslands. A. asychis data were excluded because none were recovered during these years, and D. rapae data were excluded in 1997 because of few recoveries. In separate analyses for each species in each year, we addressed whether parasitoids were spreading beyond their original release sites of wheat and barley into grasslands. Numbers of parasitoids of any species ranged greatly from 0 to 109; therefore, data were transformed by the square root of the count plus 1, per standard precautions in using wide-ranging count data (Snedecor and Cochran 1980) . When multiple aphid trap plants were used in a Þeld, the average number of each parasitoid species recovered per pot was used for analysis. In a repeated measures analysis of variance (ANOVA) done each year (Snedecor and Cochran 1980) , factors considered were plant system (small grains and grasslands), sampling date (two in 1997 and Þve in 1998), the interaction of plant system and sampling date, and a site factor to control for possible difference in parasitoid abundance across sampling sites (some sites were release sites and some were Ͼ10 km from release sites). The same analysis was done in 1997 using the number of D. noxia recovered from extra aphid trap plants to determine if there were signiÞcant differences in numbers of D. noxia in the pots exposed to parasitoids in the different plant systems.
Results and Discussion
Release, Recovery, and Expansion of Parasitoids in Small Grains. The release strategy typically consisted of Ϸ1,000 Ð50,000 mummiÞed aphids of various species released per year across two or more dates, totaling 407,028 parasitoids released from 1989 to 1996 (Table  1 ). The number of release sites in the wheat production areas was limited (no more than four sites in counties of Ϸ6,000 km 2 ) ( Fig. 1) , to optimize ability to match recoveries with a particular release (Prokrym et al. 1998 ). There was a high incidence of D. noxia through 1995 (Table 2) , which indicated a good environment for parasitoid establishment. In 1997 and 1998, Þelds randomly selected in regard to D. noxia presence showed low rates of infestation (0.12Ð 0.72% tillers infested), as compared with infestations in this region that at times exceeded 10% infested tillers during the early 1990s (Legg and Brewer 1995) .
Recoveries of A. albipodus, A. asychis, and D. rapae Þrst occurred in 1992, 3 yr after the Þrst releases in 1989, and these parasitoids were detected at most sites surveyed by 1994 (Table 2 ; Fig. 2 ). Other aphid parasitoids recovered sporadically and in very low numbers were Ephedrus sp. (three specimens), Praon sp. (two specimens), Aphidius matricariae (eight specimens), Aphidius ervi Haliday (two specimens), and Lysiphlebus sp. (Hymenoptera: Braconidae) (11 specimens). The common occurrence of A. albipodus was directly attributable to the release effort, because this species had not been released in North America before the classical biological control program to control D. noxia. For the other Aphelinus and Aphidius species released by APHIS, these data provided arguable indications of establishment most likely as a result of the release effort, because they were not detected in limited prerelease surveys done in 1993 in Wyoming small grains Þelds, and they were not detected in an earlier survey of cereal aphid parasitoids in northern Colorado (Wraight et al. 1993 (Jackson et al. 1970 , Jackson and Eikenbary 1971 , Archer et al. 1974 , A. varipes in the mid-1970s to the early 1980s in Texas (Summy et al. 1979 , Gilstrap et al. 1984 , and A. sp. nr. varipes in the late 1980s in Montana (Lajeunesse and Johnson 1991) . D. rapae was known to occur in grains in the region (Gilstrap et al. 1984 , Wraight et al. 1993 . The limited prerelease surveys in Wyoming and reliance on other regional data resulted in difÞculties in making deÞnitive statements on establishment of all species released. Based on recoveries of our study and information from past studies, at least one parasitoid, A. albipodus, and arguably others became established as a result of this biological control program for D. noxia control. Hyperparasitoids detected were Alloxysta sp. (Hymenoptera: Charipidae), Dendrocerus sp. (Hymenoptera: Megaspilidae), and Syrphophagus sp. (Hymentopera: Encrytidae). Pteromalids (Hymenoptera) of probable hyperparasitic habit also were detected. Hyperparasitoids were most abundant in 1995 at the northwest Platte County site, where Þeld populations of aphids were supplemented. Here, hyperparasitoids constituted Ϸ20% of a season-long total of all parasitoids collected. These hyperparasitoids have been found elsewhere in the western United States (Pike et al. 1997) .
In 1995, 26 sites were surveyed, which was sufÞcient to test whether the recovery rate was the same for the three predominant species, A. albipodus, A. asychis, and D. rapae. These species were detected as in other years (Table 2 ; Fig. 2) , and there were differences in the recovery rate of these species (2 ϭ 12.35, df ϭ 2, P ϭ 0.002). SpeciÞcally, the recovery rate of A. asychis was lower than that of A. albipodus and D. rapae (for A. asychis the cell chi-square indicated a lower number of sites with this species present than would occur if the recovery rate of the three species was the same; cell 2 ϭ 8.01, P ϭ 0.018). Recoveries of Aphelinus spp. and D. rapae also occurred in Park and Washakie counties in northwestern Wyoming, in a barley growing region that had low incidence of D. noxia (specimens submitted to D.R.P. by USDA-ARS personnel). Species comparisons of recovery rates among other released species was problematic because of the reduced release effort in comparison to the releases of A. albipodus, A. asychis, and D. rapae (Table 1) . But very low recoveries of selected species (three specimens of Ephedrus sp., two of Praon sp., and eight of Aphidius matricariae) at few sites (no more than two sites for each species) or no recovery of other released species (A. colemani, Aphidius picipes, and Aphidius rhopalosiphi) was best explained by poor ability of these species to establish or possibly a sub-optimal release strategy.
Abundance data were sufÞcient to allow species comparisons from 1992 to 1998. We Þrst compared the sensitivity of the visual and canister methods in recovering the three prevalent species. Previous workers (e.g., Pike et al. 1997 , Tanigoshi et al. 1995 have collected aphid-infested plant material and held the material to recover adult parasitoids, as in our canister method. They reported the same or a greater diversity of species that we encountered using emergence canisters and visual inspection for mummies. The 1994 data from the northwestern site in Platte County (Fig.  1 ) was used to compare the methods statistically. There were differences in the number of recoveries of A. albipodus, A. asychis, and D. rapae using the two methods (2 ϭ 347, df ϭ 2, P Ͻ 0.0001). Inspecting individual cell chi-square contributions, the canister method detected a relatively higher proportion of D. rapae than the aphelinids, and the visual method detected a higher proportion of aphelinid species than D. rapae (Table 3) . We are unsure of the reasons for this difference, but we note that the canister method may be more prone to observer errors in counting the smaller adult aphelinids than the larger D. rapae, the adult aphelinids may be less likely to be captured in the collection vials than D. rapae (beginning in 1997, inner surfaces of the canister were also inspected), and the shiny black aphelinid mummies may be more easily detected than the tan D. rapae mummies when visually inspecting plant material. Nevertheless, the shift in methods appeared advisable, allowing expansion of recovery effort in 1995 (last year of APHIS recoveries) that provided conÞrmation of presence of parasitoids throughout much of the wheat growing region and required no more labor than in previous years.
Because of this difference in method sensitivity, we should expect a decline in A. albipodus abundance compared with D. rapae abundance after the 1994 change to the canister method, given no change in species prevalence across years. But an upward trend in A. albipodus abundance compared with D. rapae abundance after 1994 when using the canister method would support a conservative conclusion that A. albipodus was becoming the more prevalent species. With this consideration, a contingency table analysis was done which detected a signiÞcant change in the relative abundance of A. albipodus, A. asychis, and D. rapae across years of recovery (2 ϭ 2,704, df ϭ 10, P Ͻ 0.0001; Table 4 ). Inspection of individual cell chisquare contributions indicated changes in species prevalence among years. In 1992, D. rapae was more abundant than the two aphelinids (the cell chi-square contributions indicated that D. rapae was more abundant than expected; Table 4 ). By 1995, A. albipodus was becoming more prevalent than D. rapae, and A. asychis was rarely recovered (Table 4) . The rarity of A. asychis should be taken with caution, because the greatest reduction in recovery using the canister method occurred with this species (Table 3) . During the last recoveries in 1997 and 1998, A. albipodus was the most abundant of these species (Table 4) . The apparent emerging predominance of A. albipodus in our area contrasts with recoveries of D. noxia parasitoids by workers in the Texas panhandle, who re- No., observed number of parasitoids; E, expected number of parasitoids based on the hypothesis that the relative abundance of these species was the same using the two collection methods; Cell 2 is the individual cell contribution, *, P Ͻ 0.0001; from the overall test that was signiÞcant ( 2 ϭ 347, df ϭ 2, P Ͻ 0.0001).
ported recovery of A. asychis (Michels and WhitakerDeerberg 1993) and workers in Washington State, who reported recovery of A. albipodus at low incidence compared with other species (Pike et al. 1997) . Mohamed et al. (2000) reported only a rare instance of recovery of an aphelinid species (A. asychis) in Larimer County, CO, but their recovery effort was limited to the Þrst 2 yr after a one-season release. Elliott et al. (1995) reported recoveries of A. albipodus in the winter wheat growing region of eastern Colorado within the third year after release, which is more similar to our survey results, sites, and procedures.
Parasitoid Occurrence in Off-crop Sites. The two predominant species during our 1997 and 1998 activities, A. albipodus and D. rapae, varied in seasonal abundance and were about as abundant in small grains as in adjacent grasslands. Comparisons of parasitoid abundance recovered from D. noxia-infested material were justiÞed, because there was no signiÞcant difference in the number of D. noxia in the aphid trap plants used in this study (tested in 1997, the plant system main effect and interaction of plant system and date were not signiÞcant, P Ͼ 0.30). In 1997, A. albipodus was more abundant near grain maturity in July Recovery methods were consistent within year, based on visual inspection of tillers for mummies (V) or on detection of parasitoids emerged from canisters Þlled with infested tillers (C). In 1994 both methods were used. Recoveries were summed across the total number of events (sampling sites and dates) across the season. Units are the total number of tillres collected. The total number of mummies detected when inspecting tillers in 1992, 1993, and 1994 were 480, 1,656, and 1,495, respectively. a Percentage infestation of randomly inspected tillers averaged among recovery sites followed parenthetically by range, Ն50 tillers inspected per sampling event.
b Results of a contingency table analysis: No., observed number parasitoids; E, expected number of parasitoids based on the hypothesis that the relative abundance of these species was the same across all years of the survey; Cell 2 is the individual cell contribution, *, P Ͻ 0.05; **, P Ͻ 0.0001; from the overall test that was signiÞcant ( 2 ϭ 2,704, df ϭ 10, P Ͻ 0.0001). than in June (date main effect: F ϭ 16.0; df ϭ 1, 9; P ϭ 0.003) (Fig. 3) , similar to the seasonal trend reported by Brewer et al. (1999) . But the pattern of parasitoid abundance did not vary between small grains that were at seed head development and adjacent grasslands with grasses of varying age (plant system main effect not signiÞcant, P Ͼ 0.20), nor was there any indication of change in abundance among these plant systems across time (interaction of plant system and date was not signiÞcant, P Ͼ 0.20) (Fig. 3) . Similar A. albipodus abundance patterns were obtained in 1998. This species was most abundant in July and early August as indicated by the date main effect (F ϭ 8.9; df ϭ 4, 27; P ϭ 0.0004), and there was no signiÞcant plant system by date interaction and plant system main effect (P Ͼ 0.30) (Fig. 3) .
For D. rapae in 1998 and differing from the A. albipodus analysis, a plant system by date interaction was detected (F ϭ 3.9; df ϭ 4, 27; P ϭ 0.012). This interaction may best be explained by a shift in abundance of D. rapae in wheat (the barley site was eliminated) and adjacent grasslands between June and July (Fig. 4) . In June before wheat harvest, D. rapae was present in wheat and not found in adjacent grasslands. In July after wheat harvest, D. rapae parasitized more D. noxia in aphid trap plants set out in grasslands than in stubble of wheat Þelds (Fig. 4) . During the same year, A. albipodus abundance did not shift with grain harvest and continued to increase in the grasslands and stubble of grain Þelds through the Þrst week in August. Using aphid-infested plant material, Pike et al. (1997) reported the presence of D. rapae in wheat and grasses, as well as other habitats. A. albipodus was recovered in wheat and riparian areas but not on grasses. Our report adds grasslands, at least those in close proximity to small grain cultivation, as a site of A. albipodus activity as well as D. rapae activity. These areas are composed of a mixture of grasses, sedges, shrubs, and subshrubs (Simms 1988, Laurenroth and Milchunas 1991) . Our aphid trap plants in grasslands were set within 20 m of the adjacent grain crop. Given the mobility of D. rapae and attraction to odors including those emitted from grasses and possibly aphidgrass host combinations , Vaughn et al. 1996 , D. rapae may be actively moving between the wheat stubble and the grasslands. In comparison, it is more likely that A. albipodus did not actively move from wheat stubble to parasitize aphids on our trap plants, given the walking behavior and low mobility of other Aphelinus species (Mason and Hopper 1997) . Others have considered movement of parasitoids between grasslands and small grains to enhance parasitoid activity (Vorley and Wratten 1987) . In our system, there is indication that the D. noxia is present in noncultivated grass species between grain harvest and fall emergence of winter wheat (Donahue et al. 2000) , other aphids occur in grasslands in our region (Kumar et al. 1976) , and at least some of these species can serve as hosts of D. rapae and A. albipodus (Elliott et al. 1994 , Pike et al. 1999 , Elliott et al. 1999 . Certainly, more research is needed on the seasonal ßuctuations, host ranges, and foraging ecology of these parasitoids and their aphid hosts among these plant systems.
Considering the joint APHIS and University of Wyoming activities, APHIS activities arguably resulted in good distribution of the introduced species and documentation of their presence after release. University of Wyoming activities allowed better discernment of relative abundance of established species and some indications of off-crop presence. Without participation in a regional release effort where release-ready organisms were made available, this state would likely not have introduced organisms for D. noxia control, or introductions would have been considerably less extensive than in states with facilities to propagate large numbers of organisms for Þeld release (e.g., Gilstrap et al. 1989 , Tanigoshi et al. 1995 . And without better discernment of abundance, rates of recovery among sites may have led to misleading conclusions on the status of the introduced organisms. SpeciÞcally, some organisms were recovered at several sites by APHIS personnel suggesting a beneÞt to biological control, but their abundance was very low suggesting the beneÞt was minimal compared with other species. This joint effort resulted in multi-year documentation of recovery and relative abundance of parasitoids. Of the parasitoids released in the D. noxia biological control program, A. albipodus and D. rapae commonly occurred in wheat and barley of southeastern Wyoming, with occurrence of the exotic A. albipodus (which has previously not been released in North America) directly attributable to the release effort. A. albipodus is 
